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Black truffles (Tuber melanosporum) are a kind of edible fungus that grow in the ground. They are generally globular in shape with a wrinkled external surface, and they range in colour between dark brown and black. Consumption by animals results in the dispersal of black truffle spores in nature. Black truffles are more appreciated for their flavour than for their nutritional value (Costa et al. 2015) . The composition of the involved aromas is very complex, and different metabolic pathways participate in their production, as has been clarified by studying the genome of Tuber melanosporum Vittad. (Berna 2010) .
Because flavour is the most important characteristic of this fungus, several studies have reported the chemical constituents considered to be responsible for the typical aroma. Compounds such as 2-methylbutanal and 3-methylbutanal seem to be common constituents of all truffle aromas (Costa et al. 2015) . Bis(methylthio)methane among sulphur compounds and hexanal, 2-methylbutanal and 3-methylbutanal among aldehydes, have been reported as the predominant compounds in the truffle volatile fraction, with qualitative fluctuations depending upon variables such as truffle type and geographical origin (Fiecchi 1967; Gioacchini 2008) .
The use of a simultaneous distillation-extraction (SDE) method to analyse the composition of volatile compounds in black truffles has never before been reported in the literature. The choice of pre-treatment method greatly influences the composition of volatile compounds that are extracted. In order to obtain a comprehensive understanding of the aromatic Czech J. Food Sci., 35, 2017 (6): 483-487 doi: 10.17221/31/2017 components of black truffles harvested in China and to provide a certain theoretical basis for the study of the flavour of black truffles harvested in China, this paper extracted the volatile compounds of black truffles using an SDE method.
MAtErIAl AnD MEthoDS
Samples and reagents. The truffles used in this work were collected from Yuxi Yunnan (China); all were blast-dried until water content was less than 10%. 1,2-Dichlorobenzene (internal standard) was obtained from Dr. Ehrenstorfer (Germany). n-Alkane standard (C 7 -C 30 ) was purchased from Supelco (USA). n-Hexane and sodium sulphate anhydrous were purchased from Sinopharm Chemical Reagent Co., Ltd. (China). All reagents were of analytical grade.
Simultaneous distillation-extraction. The SDE apparatus was similar in design to that of Likens and Nickerson (1964) , and was purchased from Beijing Glass Instrument Factory (China). Immediately before analysis, 20 g of truffle were cut from mature truffles that were dried in slices. The sample, together with 200 ml deionised water, was placed into a 500-ml flask which was attached to one arm of the SDE apparatus. A 250-ml round-bottom flask with 100 ml of n-hexane as extraction solvent was linked to the other arm of the SDE apparatus. Before the experiment, the SDE system was purged for 5 min under a stream of n-hexane vaporisation. The sample flask was heated by an electric heating jacket to keep the deionised water boiling, and the temperature of the solvent flask was maintained by a water bath at 70 ± 1°C. After the two arms started to reflux, each extraction was carried out for 3 hours. After cooling to ambient temperature, the extract was collected and dried over anhydrous sodium sulphate overnight. This was followed by filtration and then concentration down to 2 ml using a rotary evaporator. The SDE extractions were performed in triplicate.
Gas chromatography-mass spectrometry (GC-MS) analysis. A 7890 Gas Chromatograph system coupled with a 5975C mass-selective detector (MS) (Agilent Technologies, USA) equipped with a HPINNOWax capillary column (60 mm × 0.25 mm ID; 0.25 µm film thickness) was used to separate and identify the extracted compounds. The temperature of the injector was 250°C. The oven temperature was 40°C for 3 min, then rose to 150°C at 5°C/min and was held for 1 minutes. After that, the temperature rose to 220°C at 10°C/min and was held for 2 minutes. The carrier gas (He) flow rate was 1 ml/min. The electron impact (EI) ion energy was 70 eV, and the temperature of the ion source was 230°C; the chromatograms were obtained by recording the total ion currents in the range of 29-300 m/z.
Identification of volatile components. Tentative identification of the volatile compounds was based on comparing mass spectra and retention indices (RI) with the Wiley7n.l (Hewlett Packard, USA) and Nist05a.l databases and previously reported RI. Some compounds were identified by the injection of the authentic compounds into the GC-MS system, while the RI of the compounds was calculated using an n-alkane (C 7 -C 30 ) series under the same conditions according to the equation of Van den Dool and Kratz (Dool & Kratz 1963) . The peak areas of the identified components were calculated using retention times of longer than 6 min (the end of the solvent peak).
rESUltS AnD DISCUSSIon
Black truffles extracts were made using the SDE conditions determined in a previous work performed in our laboratory and analysed by GC-MS. Mass spectrometry data and comparison with relevant databases (Cong 1987; Zhu 1987) resulted in the tentative identification of 57 volatile compounds in the black truffle species that are listed in Table 1 along with a determination of their relative concentrations (as normalised areas).
The 57 volatile flavour compounds listed in Table 1 include alcohols (7), acids (2), esters (6), aldehydes (12), ketones (14), phenols (2), pyrazines (6), sulphur compounds (6), and other compounds (3). Among the aromatic compounds were 4.76% acids, 5.36% esters, 32.02% aldehydes, 27.57% ketones, 3.84% sulphur compounds, 8.35% alcohols, 5.91% pyrazines, 6.42% ethers, and 5.71% phenols. Sulphur compounds are the key characteristic components of truffle aroma (D'Auria et al. 2013) . Several papers have reported the chemical constituents of black truffles using headspace solid-phase microextraction; low boiling point compounds accounted for a large proportion of the compounds identified, but in this paper, many higher boiling point compounds were discovered.
The content of γ-nonanolactone was highest out of all the volatile flavour compounds, with a relative content of 27.98%. Some eight carbon compounds Czech J. Food Sci., 35, 2017 (6): 483-487 doi: 10.17221/31/2017 contribute to the characteristics of mushroom flavour, mainly the typical mushroom soil fragrance, including 1-octen-3-one and 1-octen-3-ol (Maga 1981; Tsai et al. 2009 ).
There is no complete agreement in the literature about the compounds responsible for the truffle aroma. For instance, Talou et al. (1987) described 2-methylbutanol and dimethyl sulfide to be responsible for sulfurous and pungent notes and determined that both had great importance for the perception of the final aroma. Mauriello et al. (2004) also found dimethyl sulfide in nine truffle species using SPME methods, and many aldehydes were found in both of the studies cited above. These findings might be due to different extraction methods and the different origins of the materials. In this study, 3-methylpropanol, as well as some sulfur compounds and aldehydes were the predominant compounds, in agreement with other studies. The composition of aromatic components may also be affected by location. For example, it is important to emphasise the lack of 2,3-butanedione, a compound previously found in some black truffles of Italian origin but not described in French ones (Paloma et al. 2003) . Further, the use of a solvent delay time in the chromatographic analysis of SDE extracts was longer than in SPME; this could lead to the loss of volatile components.
The fact that 2,3-butanedione could not be found in the black truffles of Chinese origin may also be associated with the higher extraction temperatures. Higher temperatures hinder adsorption in the solvent, because they elicit a decrease in the partition coefficient between volatile compounds and solvents (Verzera et al. 2004) . The content of hydrocarbons, esters and acids content increases with temperature. The higher temperature and the longer extraction time in SDE enhances the extraction of these kinds of compounds, while the most volatile compounds and those with low molecular weights were clearly better extracted using SPME. The evaporation step during SDE may increase the loss of the most volatile compounds (Barra et al. 2007; Montserrat et al. 2011) . SPME extraction is affected not only by the thickness and polarity of the fibre but also by other (Kataoka & Pawliszyn 2000) . The study of Majcher (2009) showed that the SPME extraction technique was not suitable for the isolation of high molecular weight compounds or those with a strong affinity to the matrix.
ConClUSIon
In this study, the volatile components of black truffles harvested in China were isolated using SDE pre-treatment methods and analysed using GC/MS. A total of 57 volatile flavour compounds were identified, predominantly alcohols, ketones and aldehydes. Due to the long duration and high temperatures of the extraction, compounds with low boiling points or those that evaporate easily were detected at lower levels. Therefore, the SDE method is suitable for the extraction of high boiling point compounds.
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